Neurotrophic factors are necessary for neuronal navigation to form viable neuronal networks. These factors are high molecular weight polypeptides that cannot cross the blood brain-barrier. Therefore, small molecules from mushrooms and plants are utilized to maintain neuronal function or up-regulate neurotrophic factors. The present study investigated whether a combination of Lignosus rhinocerotis mycelium aqueous extract and curcumin was more effective than L. rhinocerotis mycelium or curcumin alone in the stimulation of neurite outgrowth of PC-12 cells. The maximum neurite extension for L. rhinocerotis and curcumin was at 21.1% at 20 µg/mL and 29.5% at 10 µg/mL, respectively. Combining 20 µg/mL of L. rhinocerotis with one µg/mL curcumin gave 27.2% neurite extension. This combination was preferred because high concentrations of curcumin were toxic to cells. In the combination, 20 µg/mL of L. rhinocerotis enhanced neurite outgrowth activity at a lower dosage of curcumin at one µg/mL, and produced a comparable percentage of neurite outgrowth stimulation activity to L. rhinocerotis and curcumin alone in PC-12 cells.
Neurodegenerative disease is defined as a deterioration of the nervous system in the intellectual and cognitive faculties. Common diseases are Alzheimer's, dementia and Parkinson's [1] . Neurotrophic factors are necessary for neurons to form neuronal networks and maintain neuronal functions. However, a number of these factors are high molecular weight polypeptides which proteolyse easily and cannot cross the blood brain-barrier [2] . Hence, small molecules from mushrooms and plants may be utilized to maintain neuronal function or up-regulate neurotrophic factors [2] . Many medicinal mushrooms have been used in traditional therapies to promote neurotrophic properties such as neurite outgrowth stimulation [3, 4] , nerve regeneration [5] and neuroprotective effects [6] . The mushroom selected for this study was Lignosus rhinocerotis (Cooke) Ryvarden. This species is also known as Tiger's Milk mushroom or 'cendawan susu rimau' in Malaysia [7, 8] .The sclerotium of the mushroom is used by the indigenous communities of Malaysia to treat over fifteen ailments, as well as for general well-being [9] . In a recent study, Eik et al. [10] reported that aqueous extract of L. rhinocerotis sclerotium enhanced neurite outgrowth activity. As the sclerotia of this mushroom are rare in the forest, in this study, the mycelium of the mushroom was used. Besides mushrooms, a number of plants are reported to have neurostimulatory effects. Studies in cell culture and animal model data also showed that dietary curcumin from tumeric is a strong candidate in either the prevention or treatment of major neurodegenerative diseases like Alzheimer's and Parkinson's. In vivo studies also suggested that curcumin can cross the blood brain barrier [11] . Application of combinations of natural plant-based medicinal products has existed in Chinese medicine and Indian Ayurveda for many centuries [12] . The advantages of combining plant products include synergistic benefits with higher clinical efficacy compared with a single compound [13] without threat of toxicity and end-product residues [14] . The present studies aimed to explore whether the combination of mushroom and plant extracts could enhance the stimulation of neurite outgrowth activity in PC-12 cells.
The effects of varying concentrations of L. rhinocerotis mycelium aqueous extract on the stimulation of PC-12 cells after six days of incubation is shown in Figure 1 . There was an increase in neurite outgrowth stimulation followed by a decrease in a dose dependent manner. The concentration of the extracts had a significant (p< 0.01) effect on neurite outgrowth stimulation for each concentration tested when compared with the control (Figure 1 ). Lignosus rhinocerotis mycelium aqueous extract stimulated maximum neurite outgrowth of 21.1% at 20 µg/mL, which was significantly higher (p< 0.01) than that of the negative control (8.9%). There was approximately a 2-fold increase in the percentage of neurite bearing cells compared with the negative control. Further, increase in concentration beyond 40 µg/mL of L. rhinocerotis extract had an inhibitory effect on the neurite outgrowth stimulation activity. The results in this study indicated that the differentiation of PC-12 cells by the addition of L. rhinocerotis mycelium aqueous extract was better than adding NGF. In earlier studies, aqueous extracts of Hericium erinaceus mycelium had also shown an increase in the percentage of neurite bearing cells when compared with NGF [4] . However, increasing concentrations of extracts caused cytotoxicity. This could lead to damage of cells. Furthermore, there was a decrease in solubility of the extract in the culture medium [4] .
This study proposed that the hot water extract of L. rhinocerotis mycelium had neuroactive compounds which stimulated neurite outgrowth in PC-12 cells. Water is safe, cheap, easily available, and the pH can be adjusted according to experimental needs. Water's solvent properties vary with temperature. High temperatures are capable of dissolving a greater variety of compounds [4] . Mushrooms contain biologically active polysaccharides in their fruiting bodies, cultured mycelium and culture broth [15] . Polysaccharides obtained from mushrooms have medicinal properties such as antioxidant activity [16] . In studies conducted, the aqueous extract was shown to have a better protective effect [17] compared with the ethanol extract, which was toxic to cells [18] .
The effect of varying concentrations of curcumin on the stimulation of PC-12 cells after six days of incubation is shown in Figure 2 . There was an increase in neurite outgrowth stimulation activity observed at all concentrations of curcumin tested compared with the negative control. Curcumin stimulated maximum neurite outgrowth of 29.5% at 10 µg/mL. This was significantly higher (p< 0.01), with a 3-fold increase of neurite bearing cells compared with the negative control. Further increase in the concentration of curcumin had an inhibitory effect on the neurite outgrowth stimulation activity. Curcumin significantly improved the number of neurites and neurite extension compared with the negative and positive controls.
Curcumin is the most active compound of turmeric (curcuminoids) [19] . The lower concentration of curcumin gave the highest number of neurite bearing cells in PC-12. In another report, low doses of curcuminoids had been shown to promote neurite extensions in PC-12 and expressed neuronal differentiation [20] . Low doses of curcumin can inhibit the formation of amyloid plaques that lead to neurodegenerative diseases [11] . Park et al. [21] had reported that pretreatment with 10 µg/mL curcumin reversed the effect of amyloid peptide (Aβ), which caused neuritic plaques. A concentration of 50 µg/mL of curcumin was, however, toxic to the PC-12 cells. In this study it was observed that the number of neurite bearing cells of PC-12 remained low at higher concentrations of curcumin. According to Ray and Lahiri [22] , higher concentrations of curcumin at 1 µM stimulated short neurites in PC-12 cells while long neurites were observed at lower concentrations of curcumin at 250 nM and 500 nM.
Neurite
outgrowth stimulation confirmation by immunofluorescence neurofilament staining is shown below. Plate1 (A) shows the negative control, which has either no neurites or neurites with insufficient length to be scored positive. Plate 1(B) shows the length of the neurite twice the diameter of the cell body, which was scored positive for neurite outgrowth stimulation activity at 20 µg/mL of L. rhinocerotis. The neurites of cells treated with curcumin at 10 µg/mL were longer than the neurites stimulated by 20 µg/mL of L. rhinocerotis in Plate 1(C). PC-12 cells had long extensions of neurite, in a 'spider's web' form, when 20 µg/mL of L. rhinocerotis and 1 µg/mL curcumin were combined (Plate 1D).
The effects of varying concentrations of curcumin combined with 20 µg/mL of L. rhinocerotis on the stimulation of PC-12 cells after six days of incubation is shown in Figure 3 . An increase in neurite outgrowth stimulation activity was observed at all tested concentrations of curcumin and 20 µg/mL of L. rhinocerotis compared with the negative control ( Figure 3 ). There was a decrease in neurite outgrowth stimulation activity in a dose dependent manner when from one µg/mL to 20 µg/mL of curcumin was combined with 20 µg/mL of L. rhinocerotis extract. Maximum neurite bearing cells of 27.2% was obtained at combination of 20 µg/mL of L. rhinocerotis and one µg/mL curcumin extract. This was significantly higher than the negative control (p<0.01). There was a 3-fold increase in neurite bearing cells compared with the negative control. Further increase in the concentration of curcumin had an inhibitory effect on neurite outgrowth stimulation activity. Mendonca et al. [23] reported that higher concentrations of curcumin were toxic to cells and hence stress them. The percentage of neurite bearing cells of the combination at one µg/mL of curcumin was almost as good at10 µg/mL of curcumin only and was evidently higher than 20 µg/mL of L. rhinocerotis. The combination was also better than one µg/mL of curcumin only, with 19.2% neurite stimulation activity. As discussed earlier, low doses of curcumin had greater effect on neurite extensions. Synergistic effects of natural products have been shown in a number of studies [24] . Curcumin, known to have poor bioavailability due to its low solubility, low gastrointestinal absorption, and rapid elimination, has been a major concern for clinical application [20] . In this communication, L. rhinocerotis mycelium aqueous extract has reduced the need of higher dosage and may also have increased the bioavailability of curcumin to PC-12 cells. The presence of several constituents in plants such as saponins, tannins, alkaloids, alkenyl phenols, glycoalkaloids, flavonoids, sesquiterpene lactones, terpenoids and phorbol esters are also known to act synergistically to enhance the bioactivity of other compounds [25] . In conclusion, 20 µg/mL L. rhinocerotis mycelium aqueous extract enhanced neurite outgrowth stimulation activity at a lower dosage of one µg/mL of curcumin when combined compared with either L. rhinocerotis at 20 µg/mL or curcumin at 10 µg/mL alone.
Experimental
Lignosus rhinocerotis mycelium preparation: The culture of L. rhinocerotis was obtained from the Mushroom Research Centre, University of Malaya (MRC UM) (KUM 61075). The mycelium was cultured on potato dextrose agar (PDA) at 28°C ± 2°C for 7 days. Mycelium was transferred to glucose yeast malt peptone broth (GYMP) [26] at 28°C ± 2°C and agitated at 150 rpm for 10 days. After incubation, the broth with mycelium was freeze-dried and stored at 4˚C in air-tight containers prior to use.
Lignosus rhinocerotis mycelium aqueous extract preparation:
The freeze-dried mycelium was soaked in distilled water at a ratio of 1:20 (w/v) and agitated at 150 rpm at 28°C ± 2°C for 24 h [10] .
Curcumin extract preparation:
Curcumin was obtained as an extract (Natxtra). Each capsule contained 500 mg of 95% curcumin. This was diluted in 1 mL of 99% DMSO as stock, which was further diluted to the required concentrations with F12-K complete media and filter sterilized using a 0.2 µM nylon filter. The extract was then combined with the optimum concentration of L. rhinocerotis aqueous extract to investigate the stimulation of neurite outgrowth. Medium (F-12K Medium), supplemented with 15% horse serum and 2.5% fetal bovine serum (FBS). Cells were sub-cultured every 2-3 days and incubated at 37 ±2°C in a 5% CO 2 humidified incubator [27] .
PC
Neurite outgrowth stimulation activity: PC-12 cells (1.0 ×10 3 cells/well) were plated in 6-well plates and observed at regular intervals for 6 days for neurite outgrowth stimulation activity. In the following assays, the number of cells in each well was maintained [10] .
Lignosus rhinocerotis mycelium aqueous extract on neurite outgrowth stimulation activity:
Each plate consisted of a negative control, a positive control, and various concentrations of Lignosus rhinocerotis mycelium extract (10, 20, 40 , and 60 µg/mL) in separate wells.
Curcumin on neurite outgrowth stimulation activity:
Each plate consisted of a negative control, a positive control, and various concentration of curcumin extract (1, 5, 10, 20, and 30 µg/mL) in separate wells. Curcumin was weighed and dissolved in 99% DMSO to obtain a stock solution, which was then diluted in F12-K media to obtain the respective concentration in each well.
Combination of L. rhinocerotis mycelium aqueous extract and curcumin on neurite outgrowth stimulation activity:
Each plate consisted of a positive control, which is the optimum concentration (µg/mL) of the mushroom mycelium aqueous extract, F-12K complete media and PC-12 cells. In each well the optimum concentration of mycelium aqueous extract was combined with various concentrations of curcumin (1, 5, 10, and 20 µg/mL).
Neurite scoring:
Per well, an average of 200-300 cells with neurite outgrowths which were more than twice the diameter of the cell body were counted [28] using Nikon Imaging Software (NIS Elements) [10] .
Immunofluoresence neurofilament staining: Neurofilament was used as a marker for the confirmation of neurite outgrowth. Based on a modified method of Ozaki et al. [29] , cells were grown on coverslips in a 6-well plate and incubated at 37 ± 2°C in a 5% CO 2 humidified incubator. After 2 days, the media was decanted and cells were fixed with 4% (w/v) paraformaldehyde and left for 20 min at room temperature (26°C ± 2°C). The wells were then washed with phosphate buffer saline (PBS) twice and incubated for 10 min. The cells were incubated with primary antibody, anti-neurofilament 200 antibody produced in rabbits (Sigma, St. Louis, MO, USA) (1:80 dilution in blocking buffer) for 1 h. The secondary antibody, anti-rabbit IgG-fluorescein isothiocyanate (FITC) antibody produced in sheep (Sigma, St. Louis, MO, USA) (1:80 dilution in blocking buffer) was incubated for 1 h in the dark. The coverslips were then mounted with 4', 6-diamidino-2-phenylindole (DAPI), which stained the nucleus. The nucleus was stained blue, while neurofilaments were stained green (Plate 1). All coverslips were examined with a Nikon Eclipse 80i microscope under fluorescence illumination.
Statistical analysis:
Results were expressed as a percentage at each concentration level. A bar chart was used; each treatment level was treated as an independent category. Results were given as means ± standard deviation (SD). ANOVA and Duncan's multiple range analysis (DMRT) were carried out using Stat Graphics software to test the significance of the treatments.
